1300

Anesthesiology

1998; 88:1300-9

© 1998 American Society of Anesthesiologists, Inc
Lippincott-Raven Publishers

Intravenous Lidocaine Attenuates Acute Lung Injury
Induced by Hydrocbloric Acid Aspiration in Rabbits

Kahoru Nishina, M.D.,* Katsuya Mikawa, M.D.,T Yumiko Takao, M.D.,+ Makoto Shiga, M.D.,
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Background: Neutrophils play a crucial role in the pathogen-
esis of acid-induced acute lung injury. Lidocaine inhibits the
function of neutrophils. This study aimed to determine
whether lidocaine attenuates acute lung injury induced by hy-
drochloric acid (HC) instillation.

Methods: In study 1, rabbits were divided into four groups
(n = 7 each). Lung injury was induced by intratracheal HCl
(0.1 N, 3 ml/kg) in two groups. The other two groups received
saline intratracheally. Lidocaine given intravenously (2 mg/
kg bolus + 2 mg-kg ' h ' infusion) was started 10 min before
intratracheal instillation in one HCI and one saline group, and
saline was given intravenously in the other two groups. In
study 2, rabbits (four groups of seven animals each) received
HCI (0.1 N, 3 ml/kg) intratracheally. Treatment with intrave-
nous lidocaine was started 10 min before, 10 min after, or 30
min after acid instillation, or saline was given intravenously
10 min before instillation.

Results: In study 1, HCI caused deterioration of the partial
pressure of oxygen (Pa, ), lung leukosequestration, decreased
lung compliance, and increased the lung wet-to-dry weight
ratio and albumin, interleukin-6 (IL-6), and IL-8 levels in bron-
choalveolar lavage fluid. Lidocaine pretreatment attenuated
these changes. Hydrochloric acid increased superoxide anion
production by neutrophils and caused morphologic lung dam-
age, both of which were lessened by lidocaine. In study 2,
lidocaine given 10 min after acid instillation was as effective
as pretreatment in Pa,, , lung mechanics, and histologic exami-
nation. However, Pa, changes in lidocaine 30 min after injury

were similar to those in saline given intravenously.

Conclusions: Intravenous lidocaine started before and im-
mediately after acid instillation attenuated the acute lung in-
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of neutrophils. (Key words: acid aspiration; acute respiratory
distress syndrome; edema; immune response; local anesthe-
tics; neutrophils; superoxide anion.)

ACID aspiration may produce severe, acute lung injury,
the characteristics of which resemble those of acute
respiratory distress syndrome.' The precise mechanism
through which acid aspiration induces respiratory fail-
ure is not yet fully understood. However, cellular com-
ponents (e.g., neutrophils, macrophages) and humoral
mediators (e.g., cytokines) are thought to play a pivotal
role in the pathogenesis of this acute lung injury.’”’
Neutrophils accumulated in the lung in response to
chemotaxins adhere to pulmonary endothelial cells
through the interaction of adhesion molecules, the ex-
pression of which is enhanced by cytokines.®” Neutro-
phils thereafter attack the endothelium by releasing pro-
tease, reactive oxygen species, and lipid metabolites.>*°

Lidocaine has various inhibitory effects on neutrophil
function, including chemotaxis'’ and superoxide anion
(O, ) release.'”"" The drug has been shown to attenuate
acute lung injury induced by endotoxin'’ or hyper-
oxia,"> probably by inhibiting the function of neutro-
phils. Lidocaine is also likely to inhibit eosinophil-active
cytokines'* and the expression of cellular adhesion mol-
ecules on neutrophils.” Thus lidocaine may be able to
prevent or attenuate acute lung injury induced by acid
aspiration.

To test this hypothesis, we assessed the effect of intra-
venous treatment with lidocaine on hydrochloric acid
(HCD-induced lung injury.

Materials and Methods

Animal Preparation and Protocol

This experiment was conducted according to the
guidelines of the animal care review board of Kobe
University School of Medicine.

Japanese White rabbits (n = 56; weight, 2.2-2.6 kg)
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were anesthetized with 15 mg/kg ketamine injected
intravenously through a catheter inserted into an ear
vein and were intubated with a 3.5-mm endotracheal
tube through a tracheotomy. An arterial catheter was
placed through a cutdown in the right femoral artery
to monitor blood pressure and take samples for blood
gas analysis and assay. The animals were paralyzed with
pancuronium bromide, and anesthesia was maintained
with a continuous infusion of ketamine (10 mg
kg '*h™"). The lungs of the animals were mechani-
cally ventilated using an infant ventilator (model
IV100B; Sechrist, Anaheim, CA) with an inspired oxy-
gen concentration of 100%. The initial tidal volume was
set to 10 ml/kg (measured by pneumotachograph) and
positive end-expiratory pressure was 5 cm H,O. The
respiratory rate was controlled to produce an initial
arterial carbon dioxide tension (Paco,) of 32-38 mmHg.
Central venous pressure was also monitored using a
catheter inserted into the femoral vein. The animals
were placed on a heating pad under a radiant heat lamp
so that the body temperature could be kept at 37.8-
40.2°C at the esophagus. Lactated Ringer’s solution was
administered intravenously at a rate of § ml-kg '-h '

After 15 min of stabilization, baseline values of lung
mechanics and hemodynamics were measured, and the
arterial blood sample was taken to determine arterial
oxygen tension (Pa,,), peripheral leukocyte counts, and
plasma cytokine concentrations.

Study 1. Twenty-eight rabbits were randomly as-
signed to one of four groups (n = 7 each). The rabbits in
the saline-lidocaine and HCl-lidocaine groups received
bolus intravenous injections of 2 mg/kg lidocaine fol-
lowed by continuous intravenous infusion of lidocaine
at a rate of 2 mg- kg '-h~'. Animals in the saline-saline
and HCl-saline groups received the same volume of sa-
line (injection and infusion). Ten minutes after pretreat-
ment with lidocaine or saline, the rabbits in the HCI-
saline and HCHidocaine groups received 3 mi/kg 0.1 N
HCl intratracheally. The animals in the saline-saline and
saline-lidocaine groups received intratracheal saline (3
ml/kg).

Study 2. Rabbits (4 groups, n = 7 each) received HCI
(0.1 N, 3 ml/kg) intratracheally. Saline was administered
10 min before injury in the saline group. Administration
of lidocaine was started 10 min before, 10 min after,
or 30 min after acid aspiration in the lidocaine-pre, lido-
caine-10 min, and lidocaine-30 min groups, respec-
tively. The rationale for the dose of intravenous lido-

caine treatment was based on results of past experi-
ments 12,13,16,17
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Data on the hemodynamics and lung mechanics and
blood sampling for arterial gas analysis and leukocyte
counts were obtained every hour after HCI or saline
intratracheal instillation. In all groups, arterial blood
was drawn for the cytokine assay at 0, 2, 4, and 6 h,
and the plasma was separated and stored at —70°C until
assay. Plasma concentrations of interleukin-6 (IL-6) and
I[L-8 were measured by enzyme immunoassay (Amer-
sham, Buckinghamshire, UK).

In groups receiving lidocaine, arterial blood samples
were obtained 1, 2, 4, and 6 h after intratracheal instilla-
tion of HCI or saline. Plasma lidocaine concentrations
were determined by fluorescence polarization immuno-
assay (TDX system, Abbott, North Chicago, IL).

Assessment of Acute Lung Injury

Analysis of Blood Samples and Lung Mechanics.
Arterial blood gases (Pa,,, Paco,, and pH) were analyzed
using a blood gas analyzer (ABL2 Radiometer, Copenha-
gen, Denmark), and the number of peripheral leuko-
cytes was measured using a Coulter counter (Sysmex
K-1000; Toa Iyou Denshi, Kobe, Japan). Lung mechan-
ics were measured by the passive expiratory flow-vol-
ume technique.'® Air flow was measured with a Flemish
00 pneumotachograph and a differential pressure trans-
ducer (model MP045; Validyne Engineering, North-
bridge, CA). Airway pressure was measured at the proxi-
mal end of the pneumotachometer with a semiconduc-
tor pressure transducer (model P-300 501G; Copal
Electronics, Tokyo, Japan). The volume was determined
for each breath by digital integration of airflow using a
respiration monitor (Aivision, Tokyo, Japan). The com-
pliance and resistance of the total respiratory system
were calculated using a personal computer (PC9801
VM11; NEC, Tokyo, Japan).

At the end of the experiment (6 h after intratracheal
HCI or saline infusion), the thorax was opened and
blood (15 ml) was drawn into a heparinized syringe (20
U/ml) from the pulmonary artery for the chemilumines-
cence assay. Blood sampling was completed before the
overdose injection of thiamylal by which the rabbits
were killed. The heart and lungs were removed en bloc
by observers blinded to the nature of the experiments.

Analysis of Bronchoalveolar Lavage Fluid.
Through the right mainstem bronchus of the removed
lung, 35 ml saline with EDTA-2Na at 4°C was slowly
infused and withdrawn. This procedure was repeated
three times. Indomethacin was added to the bronchoal-
veolar lavage fluid (BALF) to inhibit the further metabo-
lism of arachidonic acid to prostaglandins during analy-
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sis. The BALF was analyzed for cell counts and differenti-
ation. A cytocentrifuged preparation (Cytospin 2;
Shandon Southern Products, Pittsburgh, PA) of the BALF
was stained with Wright-Giemsa for cell differentiation.
The cells present in the fluid were counted using the
Sysmex K-1000 counter according to the Biirker-Tiirk
method. The fluid was centrifuged at 250g at 4°C for
10 min to remove the cells. The cell-free supernatant
was divided into several aliquots and stored at —70°C
until the assay. The following substances, metabolites,
and mediators in the BALF were measured: Albumin
concentrations were determined by nephelometry with
immunoglobulin G fraction of goat anti-rabbit albumin
(Cappel, Durham, NC); concentrations of IL-6 and IL-8
were measured by enzyme immunoassay (Amersham);
and concentration of thromboxane A, and prostacyclin
were quantified by radioimmunoassay (Amersham) as
thromboxane B, and 6-keto prostaglandin Fla, the sta-
ble metabolites, respectively.

Wet-to-Dry Weight Ratio of the Lung. The left up-
per lobe of each rabbit was weighed and then dried to
a constant weight at 60°C for 24 h in an oven. The ratio
of wet weight to dry weight was calculated to assess
tissue edema.

Chemiluminescence Assay

Reagents. Cypridina luciferin analog (2-methyl-6-phe-
nyl-3,7-dihydroimidazo [1,2-a]-pyrazin-3-one), dimethyl
sulfoxide, Hank’s balanced salt solution (HBSS), Histo-
paque-1119, Histopaque-1077, N-formyl-L-methionyl-L-
luecyl-L-phenylalanine (FMLP), and zymosan A were ob-
tained from Sigma Chemical Company (St. Louis, MO).
The cypridina luciferin analog was dissolved to 56 ug/
ml in distilled water. Five milligrams FMLP was dis-
solved in 1.14 ml dimethyl sulfoxide. Just before use,
the stored solution was diluted with 50% DMSO -50%
HBSS to 100 um. Zymosan A was opsonized according to
the method of Nishida et al."” with some modification.
Briefly, zymosan A was suspended in HBSS at a concen-
tration of 2 mg/ml and heated in a boiling water bath
for 100 min, washed twice with HBSS, and opsonized
with pooled serum in a shaking water bath for 30 min
at 37°C. The opsonized zymosan was washed twice,
resuspended in HBSS to a concentration of 20 mg/ml,
and stored at —70°C until use.

Isolation of Neutrophils. Histopaque-1119, Histo-
paque-1077, and whole blood were layered and centri-
fuged at 700g for 30 min at room temperature. The
layer containing granulocytes (at the interphase be-
tween Histopaque-1077 and Histopaque-1119) was
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transferred to another tube. The cells were washed in
HBSS and centrifuged twice at 200g for 10 min. The
resultant leukocytes were suspended to 1 X 107 cells/
ml in HBSS and kept at 0°C for no more than 3 h before
use. The cell analysis showed that >97% of the cells
were neutrophils, and the trypan blue dye exclusion
test confirmed that >95% of the cells were viable.

Measurement of Chemiluminescence. Measure-§
ment of chemiluminescence was based on the method g
established by Sugioka et al.*’ The incubation mixtureg
contained 4 X 10’ leukocytes, 20 ul FMLP, or 80 ul$
opsonized zymosan, 25 ul cypridina luciferin analog, &
and HBSS in a total volume of 2 ml. Cells and HBSS§
were preincubated for 3 min, and the reaction wasg
initiated by the simultaneous addition of the other two g
components. Cypridina luciferin analog-dependent lu- %
minescence, which is thought to represent primarily%
superoxide anion production, was monitored using ag
luminescence reader (Lumicounter-1000; Nichion, 3
Chiba, Japan). During luminescence measurement, the
incubation mixture was agitated at 37°C in the lumines-
cence reader. Ketamine used as an anesthetic in the
current study is thought to have no effect on superoxide
anion production by neutrophils at doses used in clini-
cal settings.”’

1SS

Histopathologic Examination

Immediately after the rabbits were killed, the left
lower lobe was fixed by instillation of 10% formalde-
hyde solution through the left lower bronchus at 20 cm
H,O. The specimens were embedded in paraffin wax,
stained with hematoxylin and eosin, and examined un-
der a light microscope. Acute lung injury was scored
by a blinded observer according to the following four
items: (1) alveolar congestion, (2) hemorrhage, (3) infil-
tration or aggregation of neutrophils in airspace or the
vessel wall, and (4) thickness of the alveolar wall/hya-
line membrane formation. Each item was graded ac-
cording to a five-point scale: 0 = minimal (little) dam-
age, 1+ = mild damage, 2+ = moderate damage, 3+
= severe damage, and 4+ = maximal damage."”
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Statistics

The lung injury score data are given as median (range),
whereas the other data are expressed as mean + SD.
Parametric data were analyzed using a one-way analysis
of variance with the Tukey-Kramer test for between-
group comparisons at each treatment interval and

paired ¢ tests for comparisons within groups. The lung
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Fig. 1. Changes in (4) partial oxygen tension (Pa,,) and (B)
peripheral leukocyte count (study 1). Data are expressed as
the mean *+ SD of seven rabbits per group. 1P < 0.05 versus
basal values within groups; *P < 0.05 versus the saline-saline

group; #P < 0.05 for the HCl-lidocaine group versus the HCI-
saline group.

injury score was analyzed using the Kruskall-Wallis rank
test. Probability values <0.05 were deemed significant.

Results

No rabbits died during the 6-h study period. In groups
receiving lidocaine, plasma lidocaine concentrations
were maintained between 1.2-2.5 pg/ml.

Changes in Oxygen Tension, Hemodynamics, and

Peripberal Leukocyte Counts

As shown in figures 1 and 2, intratracheal instillation
of HCI decreased Pa,,, dramatically within 1 h. Thereaf-
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ter, Pag, in the HCl-saline group remained at a low level
with gradual reduction until 6 h after HCI instillation.
Lidocaine treatment failed to prevent the initial de-
crease in Pag, . Lidocaine before and 10 min after instilla-
tion of HCI promoted partial recovery from deteriorated
oxygenation, although the drugs given 30 min after in-
sult were not effective. In contrast, Pa,, decreased tran-
siently in rabbits receiving saline instillation. but it
readily returned toward the basal value (fig. 1).

Although arterial pressure and heart rate increased
in response to HCI or saline instillation, there was no
difference among the groups at any point (data not
shown). The central venous pressure did not differ
among the groups.

Peripheral leukocyte counts gradually decreased with
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Fig. 2. Changes in (4 ) the partial oxgyen tension Pa, ) and the
(B) peripheral leukocyte count (study 2). Data are expressed
as the mean + SD of seven rabbits per group. §P < 0.05 versus
the saline group; $P < 0.05 versus the lidocaine-pre group.
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instillation of saline or HCI and reached the lowest level
3 h after administration (fig. 1B). The leukopenia was
more severe in rabbits receiving HCI than in those that
received saline. Lidocaine treatment before and 10 min
after HCl aspiration slightly, but significantly, attenuated
the peripheral leukopenia (fig. 2B).

Changes in Plasma Cytokine Levels

Plasma concentrations of IL-6 increased after intratra-
cheal HCI instillation, with a peak occurring at 2 h,
although plasma IL-8 concentrations remained un-
changed in all of the groups. The plasma concentration
of IL-6 was significantly decreased by intravenous lido-
caine treatment before and 10 min after HCl administra-
tion. As with Pa,, changes, lidocaine given 30 min after
HCI instillation was not effective against IL-6 elevation
(figs. 3 and 4).
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Fig. 3. Changes in plasma concentrations of (4) interleukin-6
and (B) interleukin-8 (study 1). Data are expressed as mean
+ SD. TP < 0.05 versus basal values within groups; *P < 0.05
versus the saline-saline group; #P < 0.05 for the HCl-lidocaine
group versus the HCl-saline group.
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Fig. 4. Changes in plasma concentrations of (4) interleukin-6
and (B) interleukin-8 (study 2). Data are expressed as mean
= SD. §P < 0.05 versus the saline group; £P < 0.05 versus the
lidocaine-pre group.

Lung Mechanics

Neither compliance nor resistance immediately after the
start of mechanical ventilation was different among the
four groups. Compliance immediately before the end of
the study was lower in the HCl-treated rabbits than in
the saline-instilled groups. Intratracheal instillation of HCI
increased the resistance. Lidocaine prevented the reduc-
tion of compliance and the increase in resistance induced
by HCI, although lidocaine given 30 min after insult was

not significantly effective (figs. 5 and 06).

Analysis of Bronchoalveolar Lung Fluid and Lung

Edema

Recovered volume of BALF in the groups was 84 -90
ml (80-86% of infused saline) and was not different
among the groups. The total number of leukocytes re-
covered in BALF was greater in the groups receiving
HCI than in the intratracheal saline groups (table 1). As
shown in table 2, the leukocyte counts were less in the
lidocaine-pre and lidocaine-10 min groups than in the
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saline group. Differential counts revealed that leuko-
cytes of the BALF in the groups receiving saline intratra-
cheally were primarily macrophages. In the HCl-in-
stilled groups, the number of polymorphonuclear cells
was increased in the BALF. The polymorphonuclear
cells-to-total leukocyte ratio was less in the rabbits
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Table 1. Analysis of Bronchoalveolar Lavage Fluid, Wet to Dry Weight Ratio, and Histological Examination (Study 1)

Variable Saline—Saline Saline-Lidocaine HCI-Saline HCI-Lidocaine

WBC (cells/mm?) 154 + 44 146 = 33 403 = 101* 2558073
PMN/total cells (%) S 1l == 9] S == O 41 = 10*
IL-6 (fmol/ml) 1l == 2 2= 2 il 2= 25 &fe) 22 1)y
IL-8 (fmol/ml) 2 2= 1 2 2z 72 43 + 8¢ 145 =N7
TxB; (pg/ml) 193 2= 74 117 = 74 232 + 95* |86/ E=8 &
6-keto-PGF;,, (pg/ml) 211558102 232 + 88 235 += 94 22iF==01k2)
Albumin (mg/dl) 8= 07 12 2z (018 6.4 = 0.7* Sl a= (0747
W/D ratio 46 = 2.2 4.8 = 2.3 BESIEER 20T 8145 2= 2SAr
Acute lung injury score 0 0 14* 10"t

[median (range)] (0-2) (0-2) (13-16) (7-14)

IL = interleukin; TxB, = thromboxane B,; PGF;, = prostaglandin F;,,;
Values are mean + SD.

*P < 0.05 versus Saline-Saline.

T P < 0.05, HCI-Lidocaine versus HCI-Saline.

group. Lidocaine treatment failed to attenuate the pro-
duction of thromboxane B,. We found no differences
in 6-keto - prostaglandin Fla levels in the BALF among
the groups. The lung wet-to-dry weight ratio was calcu-
lated as a measurement of lung edema. The ratio in-
creased in the rabbits receiving HCI. Albumin concen-
trations in the supernatant of BALF were higher in the
HCl-instilled rabbits than in saline-instilled rabbits. Lido-
caine pretreatment attenuated the increase in the wet-
to-dry weight ratio and albumin concentrations. Early
post-treatment with lidocaine was as effective as pre-
treatment, but lidocaine given 30 min later was not.

Chemiluminescence
The cypridina luciferin analog-dependent chemilumi-
nescence by neutrophils isolated from the pulmonary

WBC = white blood cells; PMN = polymorphonuclear neutrophils.

artery was significantly higher in the HCl-saline group
than in the saline-saline group when stimulated by opso-
nized zymosan or FMLP (fig. 7). Chemiluminescence
was attenuated in all of the lidocaine-treated groups.

Histopathologic Analysis

Light microscopic findings in the HCl-saline group
included edema, ruptured and thickened alveolar walls,
and the presence of inflammatory cells and erythrocytes
in alveolar spaces. Alveoli also contained diffuse pro-
teinaceous exudate. In contrast, these changes were
less pronounced in the HCIHidocaine group. The score
in the HCl-saline group was greater than that in the HCI-
lidocaine group (table 1) and in the lidocaine-10 min
group (table 2).

Table 2. Analysis of Bronchoalveolar Lavage Fluid, Wet to Dry Weight Ratio, and Histological Examination (Study 2)

Variable HCI-Saline HCI-Lidocaine HCI-Lidocaine 10 min HCI-Lidocaine 30 min

WBC (cells/mm?) 413 + 118 260 + 70* 298192 334 + 97
PMN/total cells (%) 55 =+ 10 42 + O 40 + 10* 48 + 9
IL-6 (fmol/ml) i8I &5 2= M) 44 + 18" 628201,
IL-8 (fmol/ml) 40 = 8 15 + 4* 20l 5= & 37 + 4%
TxB, (pg/ml) 243 + 93 199 + 86 186 + 80 194 + 85
6-keto-PGF;,, (pg/ml) 2il¢) 2 C7 205 + 109 218 =+ 81 239 + 107
Albumin (mg/dl) 6.5 + 0.8 49 + 0.7* ©H0) &= (0.7 6.2 = 0.9t
W/D ratio GLY 22 245 SIASEEEDI5R 5.6 + 2.4 6:3 12191
Acute lung injury score 14 10* - 141

[median (range)] (13-16) (7-13) (8—-14) (11-16)

IL = interleukin; TxB, = thromboxane B.; PGF,, = prostaglandin F,,; WBC = white blood cells;

*P < 0.05 versus HCI-Saline.

1t P < 0.05 versus HCI-Lidocaine.
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PMN = polymorphonuclear neutrophils.
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. LIDOCAINE FOR HCL-INDUCED LUNG INJURY

" Fig. 7. Cypridina luciferin analog-depen-
0 dent chemiluminescence (peak) by neutro-

 phils isolated from the pulmonary artery
© (study 1). Data are expressed as mean +

= SD. (4) Opsonized zymosan-stimulated
© chemiluminescence, (B) N-formyl-L-methi-
* onyl-L-luecyl-L-phenylalanine—stimulated
© chemiluminescence. *P < 0.05 versus the
saline-saline group; #P < 0.05 for the HCI-
lidocaine group versus the HCl-saline
group.
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Discussion

The current study showed that lidocaine pretreatment
promoted the recovery of Pa,, after HCI instillation,
although the drug did not prevent the initial decrease
in Pao,. This alleviating effect on lung injury by lido-
caine was accompanied by improved lung mechanics
and the decrease of cytokines in BALF, the albumin
concentration in BALF, and sequestration of neutrophils
into the lung. The efficacy of post-treatment with lido-
caine depended on the timing of administration: 10 min
after the insult was effective, but 30 min after was not.

Hydrochloric acid instillation caused lung injury by two
different pathways according to the time course: the initial
phase and the late phase.” The initial phase may result
from a physiochemical process or be mediated by capsa-

106- (A)

Fig. 8. Cypridina luciferin analog-depen-
dent chemiluminescence (peak) by neutro-
phils isolated from the pulmonary artery
(study 2). Data are expressed as mean +
SD. (A4) Opsonized zymosan-stimulated
chemiluminescence, (B) N-formyl-L-methi-
onyl-L-luecyl-L-phenylalanine—stimulated

chemiluminescence. P < 0.05 versus the
saline group.
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)

Anesthesiology, V 88, No 5, May 1998

-5'«/,,70_8 Sa/,,,ﬂ_{ Hay.
'd, ~d

//,]e (<6

S Gy
6&/"7(- /‘[*’(//,(,
‘('fllnc d/n(,

Groups

>

icin-sensitive afferent nerves.” Tachykinins (substance P,
neurokinin A, and neuropeptide K) released from sensory
nerves in the lung after irritation with capsaicin are active
in inducing airway mucosal edema.** Although lidocaine
inhibits capsaicin-sensitive nerve activity”* and tachykinin-
mediated neurotransmission,** the drug failed to attenuate
the initial phase of lung injury characterized by the dra-
matic decrease in Pa,,.

The late phase of the injury, which pathologically
mimics acute respiratory distress syndrome, is mediated
by neutrophils and is consistent with an acute inflam-
matory response.” In this pathway, chemotaxins, includ-
ing IL-8 and thromboxane A,, promote the sequestra-
tion of neutrophils in the lung.”*” To induce neutrophil
migration into acid-exposed areas, it is essential for neu-
trophils to adhere to the microvascular endothelium.

Peak Chemiluminescence (cpm)
S

dog “ldog, S L’dr : Lig o
a Q 2 al, g, Oc; Oc;
e elp ey e e pre Ve, e 3,
Groups Groups
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The intercellular adhesion molecule-1 and lymphocyte-
function associated antigen-1 pathway is involved in the
pathogenesis of acid aspiration lung injury.” We have
shown that lidocaine attenuated the late phase of the
pathologic, physiologic, and biochemical lung injury
induced by HCI. Lidocaine inhibits chemotaxis,'’ adher-
ence of neutrophils to endothelial monolayers,'® and
FMLP-induced Mac-1 upregulation on neutrophils."
These beneficial effects of the drug may have contrib-
uted to our current findings.

We have shown that intratracheal HCI caused severe
pulmonary edema because of the hyperpermeability of
endothelium assessed by increases in the lung wet-to-
dry weight ratio and albumin concentrations in BALF.
Lidocaine successfully reduced superoxide anion pro-
duction by neutrophils isolated from rabbits receiving
HCIL. We believe that lidocaine lessened endothelial
damage, in part by reducing superoxide anion release
from neutrophils, and consequently attenuated pulmo-
nary edema. This ability of lidocaine was observed in
our previous studies using other experimental acute
respiratory distress syndrome models.'*"* Further, su-
peroxide anion indirectly contributes to edematous
lung injury by inactivating antiproteases.*® Although su-
peroxide anion production at 6 h was suppressed in
the HCHidocaine-30 min group, hyperpermeability was
not attenuated. The early activation of neutrophils may
be critical for the attenuation of endothelial damage
leading to pulmonary edema. Lidocaine has been shown
to decrease the increases in pulmonary vascular protein
leak induced by thiourea through a mechanism that is
independent of the effects on neutrophil oxygen metab-
olite-dependent toxicity, although the details are not
understood.”” This mechanism may also be responsible
for the attenuation of acid instillation-induced pulmo-
nary edema with lidocaine.

Thromboxane A, causes severe pulmonary hyperten-
sion as a result of pulmonary vasoconstriction, which
enhances pulmonary edema.* In the current study, the
thromboxane A, metabolites in BALF induced by HCI
instillation did not decrease with lidocaine treatment.
Although lidocaine is reported to increase production
of prostacyclin from endothelium,* the metabolite of
prostacyclin in the BALF was not changed either by
acid instillation nor by lidocaine treatment.

High concentrations of IL-6°° and IL-8*' are correlated
with poor outcome in patients with acute respiratory
distress syndrome. In the current study, intratracheal
HCl increased IL-8 concentrations and neutrophil
counts in BALF and decreased the peripheral leukocyte

Anesthesiology, V 88, No 5, May 1998

counts. Lidocaine successfully decreased the secretion
of IL-8 in the lung after HCl instillation, probably leading
to less neutrophil sequestration in the lung, although
the precise mechanism is unknown. Plasma IL-8 con-
centrations did not increase after HCI instillation in our
study. The high concentrations of IL-8 in BALF coupled
with the low concentrations of IL-8 in plasma suggest _
that the lung was the primary source of IL-8 in the acidz2
aspiration-induced lung injury. This phenomenon is sim-§
ilar to the findings in a clinical study of sepsis-induced&
acute lung injury.”” In our study, lidocaine before and§
early after treatment suppressed elevation of IL-6 ing

=

D

plasma and IL-8 in BALF. We propose two hypotheses§
by which lidocaine successfully attenuated the C}Tokine%
production. One is that lidocaine directly suppressed g
cytokine production from many kinds of cells, including g
macrophages, alveolar epithelium, and endothelium. 3
There has been no report confirming that lidocaine at-
tenuates production of proinflaimmatory cytokines. The%
second hypothesis is that lidocaine attenuated the in-
flammatory response, resulting in less production of
cytokines. IL-6 is secreted from the most severely af-
fected organs, as the higher concentration of IL-6 was
measured in the drainage vein of the injured organ (lung
or liver) than in the peripheral venous blood.*® Lido-
caine might decrease cytokine production by attenuat-
ing the inflammatory response.

In conclusion, pre- or early post-treatment with lido-
caine attenuated the late phase of acid instillation-in-
duced lung injury in rabbits, probably by inhibiting the
sequestration and activation of neutrophils. Lidocaine,
which has been used extensively in clinical practice, is
not costly, has a good safety record, and is easily ob-
tained. These advantages lead us to conclude that the
results of the current study may be a basis for a clinical
trial.

yjseue;
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